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© Components for optical circuits and method of manufacturing the same. 



© An optical waveguide groove 4 and a reference 
groove 3 for fixing single or plural optical fibers 5 are 
formed on a glass submount 1 by using forms, a 
submount 2 having the refractive index equal to or 
close to that of the glass submount 1 is glued to the 
optical waveguide having the optical waveguide 
groove 4, and the recess of the optical waveguide 
groove 4 is filled up with a material 11 having a 
refractive index higher than that of the glass sub- 
strate 1, thereby composing an optical waveguide, 
and optical fibers 2 and electronic circuits 8 are 
mounted on the transparent submount 1 by the 
^ formed reference groove or positioning markers by 
using forms, thereby providing components for op- 
(V) tical circuits excellent in bonding, fixing and mount- 
O ing of optical waveguide with optical fibers, and 
^ semiconductor devices, and the method of manufac- 
turing the same. 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to optical com- 5 
munications, more particularly to components for 
optical circuits intended to improve bonding, fixing 
and mounting of optical waveguide with optical 
fiber and semiconductor device in a module using 
optical waveguide, and a method of manufacturing w 
the same. 

2. Description of the Prior Art 

The advance of optical communications is dra- 75 
matic recently, and applications and practical use 
are promoted in public communications, CATV, 
computer networks, etc. From the viewpoint of 
components, however, there are problems for re- 
duction of size and enhancement of mass pro- 20 
ducibility in order to spread more widely. For ex- 
ample, an optical transmitter-receiver comprises a 
laser driving circuit, a photo detector, a demodulat- 
ing circuit, and optical fibers. It is required to 
adjust, assemble, and mount these optical and 25 
electrical components at high precision. Many 
components and assembling processes are need- 
ed. Further distribution of optical communication 
systems demands smaller size, multiple functions, 
higher degree of integration, and lower cost of 30 
components for optical circuits. In particular, for 
installation of subscriber optical communication 
systems, reduction of size and lowering of cost of 
components for optical circuits are important sub- 
jects. 

_ 35 
On the other hand, required functions of sub- 
scriber system include, among others, the func- 
tions of wavelength division multiplexing and bi- 
directional transmission by making use of the 
broad band properties of optical communications. 40 
For integration of functions, several optical circuit 
submounts using optical waveguide have been pro- 
posed. For example, according to a proposed op- 
tical module.a silica-based optical waveguide is 
formed on a silicon submount by flame-hydrolysis 45 
deposition, and further metal electrodes are wired, 
and semiconductor devices and electric circuits are 
mounted, and optical fibers are arranged and con- 
nected on the submount forming V-grooves. 

In such conventional components for optical 50 
circuits, the submount mounting optical 
waveguides, light emitting devices, light receiving 
devices, and electrode wiring is separate from the 
submount for fixing optical fibers. To bond the 
optical waveguide and optical fibers at low loss, it 55 
is required to adjust, assemble and fix at a preci- 
sion of 1 micro-m or less. For fabrication of sub- 
mount for fixing optical fibers, selective etching of 



silicon submount, and V-groove method by cutting 
ceramic submount are employed. They have their 
own problems in processing precision and mass 
producibility. In the silicon submount, a precise V- 
groove can be formed by etching, but since the 
shape is limited to V-form, the restrictions on pro- 
cessing shape are large. It is also required to 
match the crystal orientation of etching mask and 
silicon submount at high precision. Furthermore, if 
the materials of optical waveguide submount and 
groove submount are different, they differ in the 
coefficient of linear expansion, and therefore the 
characteristic varies with temperature fluctuations. 
When mounting semiconductor devices and elec- 
tric parts on a silicon submount, it is necessary to 
form an insulation layer on the submount. If semi- 
conductor devices are directly formed on the sili- 
con submount, the area occupied by the optical 
waveguide increases, and the number of devices 
obtained from one wafer is small, and the cost is 
not lowered. 

SUMMARY OF THE INVENTION 

It is hence a primary object of the invention to 
present components for optical circuits of low cost, 
excellent in bonding, fixing and mounting of optical 
waveguide with optical fiber and semiconductor 
device, and method of manufacturing the same. 

To achieve the object, the invention presents a 
constitution of components for optical circuits by 
forming the optical waveguide and optical fiber 
fixing part on one transparent submount, and a 
manufacturing method of forming by using mold 
dies. 

In this constitution and manufacturing method, 
components for optical circuits of low cost and 
superb productivity, excellent in bonding, fixing and 
mounting of optical waveguide with optical fibers 
and mounting devices, and method of manufactur- 
ing such components for optical circuits are pre- 
sented. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a structural diagram of components for 
optical circuits in a first embodiment of the 
invention, 

Fig. 2 is a perspective view showing manufac-' 

turing process of components for optical circuits 

in the first embodiment of the invention. 

Fig. 3 is a structural diagram of components for 

optical circuits in a second embodiment of the 

invention. 

Fig. 4 is a structural diagram of components for 
optical circuits in a third embodiment of the 
invention. 
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Fig. 5 is a structural diagram of components for 
optical circuits in a fourth embodiment of the 
invention. 

Fig. 6 is a process diagram of manufacturing 

method of components for optical circuits in a 

fifth embodiment of the invention. 

Fig. 7 is a perspective view of components for 

optical circuits in the fifth embodiment of the 

invention. 

Fig. 8 is a process diagram of manufacturing 
method of components for optical circuits in a 
sixth embodiment of the invention. 
Fig. 9 is a process diagram of manufacturing 
method of components for optical circuits in a 
seventh embodiment of the invention. 
Fig. 10 is a perspective view of submount com- 
ponents for fixing fibers in an eighth embodi- 
ment of the invention. 

Fig. 11 is a perspective view of submount com- 
ponents for optical waveguide in the eighth em- 
bodiment of the invention. 

Fig. 12 is a process diagram of manufacturing 

method of components for optical circuits in a 

ninth embodiment of the invention. 

Fig. 13 is a perspective view of components for 

optical circuits in a tenth embodiment of the 

invention. 

Fig. 14 is a side view of components for optical 
circuits in the tenth embodiment of the inven- 
tion. 

Fig. 15 is a perspective view of components for 
optical circuits in an eleventh embodiment of the 
invention. 

Fig. 16 is a perspective view of components for 
optical 

Fig. 17 is a perspective view of components for 
optical circuits in the twelfth embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, components for 
optical circuits of the invention are described in 
detail below. Fig. 1 shows module components for 
optical transmission and reception as components 
for optical circuits in a first embodiment of the 
invention. Reference numeral 1 in Fig. 1 is a trans- 
parent submount made of glass or resin, in which 
optical fiber fixing grooves 3 for fixing optical fibers 
2, and optical waveguides 4 consecutive thereto 
are formed. Moreover, a light emitting device 5, a 
light receiving device 6, electrode wiring 7, elec- 
tronic circuits 8 or semiconductor devices, IC, and 
LSI are mounted. They are constituted so as to 
process electric signals that are transmitted and 
received. In this embodiment, the light transmitter 
and receiver are formed in one module. More spe- 
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cifically, the optical fibers 2 transmit and receive 
optical signals, and the optical waveguides 4 cou- 
ple the light of the light emitting device 5 and light 
receiving device 6. In the electronic circuits 8, 
s modulation of the light emitting device 5 by trans- 
mission signal, and amplification and demodulation 
of signal from the light receiving device 6 are 
performed. 

The manufacturing process of the invention is 

10 shown in Fig. 2. In the first place, optical fiber 
fixing grooves 3 and optical waveguides 4 are 
formed on the transparent submount 1 of glass or 
resin by using forms (not shown) (Fig. 2a, b). As 
the optical waveguides, convex rib structures are 

is formed, or concave structures may be filled with a 
transparent material having a higher refractive in- 
dex than the transparent submount 1. It is not 
necessary to form the optical waveguides directly, 
but only a flat submount may be formed and op- 

20 tical waveguides may be formed in a later process 
according to the desired characteristics. In this 
case, preferably, optical waveguides are formed by 
using different forms, or quartz optical waveguides 
are formed by flame-hyrolysis deposition, optical 

25 waveguides are formed by ion exchange method or 
sputtering method, optical waveguides are formed 
by using macromolecular resin, or organic crystal 
optical waveguides are formed. 

By exchanging the steps, moreover, fiber fixing 

30 grooves may be formed by using forms on the 
transparent glass or resin submount on which op- 
tical waveguides are already formed. 

Consequently, electrode patterns are formed 
on the submount 1, and further the light emitting 

35 device 5, iight receiving device 6, and electronic 
circuits 8 are mounted (Fig. 2c ( d). By using non- 
conductive material such as glass and resin in the 
submount 1, it is not necessary to form insulation 
layer between the submount 1 and electrode wiring 

40 7, so that the process may be simplified. By the 
self-aligning type flip chip method for mounting 
components for electronic circuits directly on the 
submount 1, optical fibers are fixed to the optical 
fiber fixing grooves 3, so that the components can 

45 be assembled without adjustment. 

Fibers can be fixed by adhering with resin, by 
using low melting glass, or by soldering. As a 
result, the transmitter and receiver are formed on 
one submount 1 , and an optical transmitter-receiver 

so module is completed. 

In this embodiment, the transmitter and re- 
ceiver are formed in one body, but this is not 
limitative, and the transmitter and receiver may be 
separate, or a branching function may be provided. 

55 In Fig. 2 (a), (b), using the submount 1 on 

which the optical waveguides 4 are already formed, 
the optical fiber fixing grooves 3 may be formed. 
As the submount, meanwhile, submount materials 
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such as resin and glass may be directly formed by 
injection. 

A second embodiment of the invention is de- 
scribed in Fig. 3. Reference numeral 31 in the 
drawing is a transparent submount, in which an 
optical fiber fixing groove 33 for fixing an optical 
fiber 32, and an optical waveguide 34 for bi-direc- 
tional communications are formed. Moreover a 
light emitting device 35, a light receiving device 36 
electrode wiring 37, and electronic components 38 
are mounted on the submount 31, and electric 
signals of transmission and reception are pro- 
cessed. Its feature is that transmission and recep- 
tion can be done by one optical fiber 32 owing to 
the bi-directional function of the optical waveguide 
34. 

The manufacturing method is same as in the 
preceding embodiment. Besides, a varied function 
module can be presented by adding functions of 
modulation, waveform selection switch and others 
to the optical waveguide 34. 

Optical module components for parallel multi- 
channel transmission of signals is shown in Fig 4 
as a third embodiment of the invention. That is 
reference numeral 41 in the drawing is a transpar- 
ent submount, on which are formed optical fiber 
fixing grooves 43 for fixing optical fibers 42 and 
optical waveguides 44, and moreover a light emit- 
ting dev.ce array or light receiving device array 45 
electrode wiring 46, and electronic components 47 
are mounted. Its feature is that plural transmitters 
or receivers can be easily mounted on one sub- 
mount. The manufacturing method is same as in 
the first embodiment. 

An optical coupler as a fourth embodiment of 
the invention is shown in Fig. 5. In the drawing 
reference 51 is a transparent submount, and optical 
fibers fixing grooves 53, 55 for fixing optical fibers 
52. 54, and optical waveguides 56 are formed 
thereon, and the optical waveguides have a branch- 
ing and coupling function. In this embodiment the 
optical fibers 52 and 54 can be assembled 'and 
mounted without aligning. The manufacturing meth- 
od is nearly same as in the first embodiment 
except that electrode wiring and electronic circuit 
mounting are not necessary. However, at the input 
side and output side of the optical waveguides 56 
optical fibers 52, 54, and fixing grooves 53, 55 are 
needed. 

Fig. 6 shows the process of second manufac- 
turing method of components for optical circuits of 
the invention. First, on a transparent submount 61 
of glass or resin, an optical fiber fixing (as refer- 
ence) groove 63 and optical waveguide groove 64 
are formed by using forms (not shown) (Fig. 6a) 
Fig. 5 is a perspective view of the formed sub- 
mount 61. Herein is shown an example of star 
coupler of 4:4, but this is not limitative. The elec- 
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tronic circuit components mentioned in the fore- 
going embodiment may be mounted. Next, on the 
submount 61 thus forming concave optical 
waveguide grooves 64, a transparent submount 62 
of glass or resin having a refractive index close to 
that of the submount 61, preferably with a refrac- 
tive index difference of 0.05 or less, more prefer- 
ably 0.01 or less, is glued together by direct junc- 
tion by heat treatment or by adhesion (Fig. 6b) 
The recess of the optical waveguide grooves 64 is 
filled with a transparent material 66 having a higher 
value than the refractive index of the submount 61 
or 62 (Fig. 6c). Afterwards, an optical fiber 65 is 
fixed to the optical fiber fixing groove 63 (Fig 6 d) 
An organic material having a nonlinear effect may 
be used in the transparent material 6.6. In this 
case, by applying an electric field or the like to the 
optical waveguide, the function of switching, modu- 
Jation, wavelength selection, or the like can be 
achieved. Meanwhile, the adhesive for joining the 
submount 62 may be also used as the filler of the 
optical waveguide groove 64. 

Fig. 8 shows the process of a third manufactur- 
ing method of components for optical circuits of the 
invention. First, on a transparent submount 81 of 
glass or resin, optical fiber fixing grooves 83 and 
optical waveguide grooves 84 are formed by using 
forms (not shown) (Fig. 8a). In consequence to 
embed the optical waveguide grooves 84, a buried 
layer 82 having a higher refractive index than that 
of the submount 81 is formed entirely (Fig 8b) 
Then, the buried layer 82 other than the optical 
waveguide 87 of the optical waveguide groove 84 
is removed by polishing or etching (Fig. 8c) Next 
a transparent submount 85 of glass or resin having 
a refractive index equal or close to that of the 
submount 81 is adhered by direct-bonding by heat 
treatment or by adhesion (Fig. 8d). Afterwards, the 
optical fiber 86 is fixed in the optical fiber fixing 
groove 83 (Fig. 8e). 

Fig. 9 shows the process of a fourth manufac- 
tunng method of the invention. Using forms (not 
shown), in the first place, optical waveguide 
grooves 94 are formed in an optical waveguide 
submount 92. On a transparent fiber fixing sub- 
mount 91 of glass or resin having a refractive index 
equal or close to that of the submount 92, optical 
fiber fixing grooves 93 are formed by using forms 
(not shown) (Fig. 9a). Fig. 10 shows the fiber fixing 
submount 91 after forming, and Fig. 11 shows the 
optical waveguide submount 92 after forming both 
m perspective view. Consequently, the submount 
92 forming the optical waveguide groove 94 and 
the submount 91 forming the fiber fixing groove 93 
are joined together by heat treatment (Fig. 9b) The 
optical waveguide groove 94 is filled with a trans- 
parent material having a refractive index higher 
than that of the submount 91 or 92 (Fig. 9c). Then 
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the optical fiber 95 is fixed to the optical fiber fixing 
groove 93 (Fig. 9d). By using the submount 92 
differing in the pattern of the optical waveguide 
groove 94, an optical circuit having a different 
function can be easily presented by the same 
method of manufacture. 

Fig. 12 shows the process of a fifth manufac- 
turing method of the invention. First, optical 
waveguide grooves 124 are formed by using forms 
(not shown) on a transparent optical waveguide 
submount 122 of glass or resin. Optical fiber fixing 
grooves 123 are formed by using forms (not 
shown) on a transparent optical fiber fixing sub- 
mount 121 made of resin or glass having a refrac- 
tive index equal or close to that of the submount 
122 (Fig. 12a). In consequence, on the optical 
waveguide submount 122, in order to fill up the 
recess in the optical waveguide grooves 124, a 
glass buried layer 125 having a refractive index 
higher tan that of the optical waveguide submount 
1 22 is formed (Fig. 12b). The buried layer 125 
other than the optical waveguide 127 having the 
optical waveguide groove 124 is removed by 
polishing or etching (Fig. 12c). Afterwards, the sub- 
mount 122 and optical fiber fixing submount 121 
are joined together by heat treatment or direct 
junction (Fig. 12d). Then the optical fiber 126 is 
fixed to the optical fiber fixing groove 123 (Fig. 
12e). 

As shown in Fig. 13, in any manufacturing 
method mentioned so far, it is preferred to flatten 
the optical waveguide side end faces by polishing 
and cutting the portion having the end portion of 
the optical waveguide and the portion having the 
fixing groove end (at the confronting position) adja- 
cent to the end portion, simultaneously by a spe- 
cific width. This is an art for solving the problem of 
the manufacturing method. That is, in the shown 
manufacturing method, when upper and lower sub- 
mounts are glued together, there may be deviation 
in precision of joining, distortion in the optical 
waveguide end portions 131, 133 when forming 
grooves, or oozing of the adhesive to outside, and 
due to such various causes, if the optical fiber is 
placed in the fixing groove, the optical fiber end 
may not be accurately positioned and adjusted at 
the optical waveguide groove end. By flattening 
around the optical waveguide groove end by 
polishing or cutting as mentioned above, therefore, 
the optical fiber end can be positioned and ad- 
justed accurately at the optical waveguide groove 
end. Hence, the fiber and optical waveguide can be 
connected at low loss. Fig. 14 is a side view when 
the optical fibers 141, 142 are mounted on the 
submount 61 after polishing and cutting in this 
manner. By flattening the optical waveguide end 
faces 131, 133, the optical fiber 141, 142 can be 
tightly connected to the optical waveguide 145. 



Preferably, the junction of the fiber and optical 
waveguide is adhered or filled with an adhesive 
matched in the refractive index. 

In forming the fiber fixing groove or optical 

5 waveguide groove in the embodiments of the in- 
vention, positioning markers may be used for 
mounting the light emitting device, light receiving 
device, electrode wiring, electronic circuit, semi- 
conductor device, IC or LSI. The markers may be 

10 either convex or concave. Fig. 15 shows a perspec- 
tive view of a submount with marker marking. By 
this marker 154, for example, the optical waveguide 
and mounting device can be positioned precisely. 
The marker may be also used for gluing the 

75 fiber fixing submount 161 and optical waveguide 
submount 162 as shown in Fig. 16 and Fig. 17. By 
matching the marker 160 at the fixing submount 
161 side and the marker 164 at the optical 
waveguide submount 162 side, the optical fiber and 

20 the optical waveguide can be positioned accurately, 
and connected at low loss. In this case, the marker 
may be mechanically fitted by positioning marks or 
by combination of recess and process. Preferably, 
combination of recess and recess, or recess and 

25 process may be desired. 

Preferably, moreover, the transparent sub- 
mount is made of a material having a refractive 
index in a range of 1 .45 to 2.5, so that the connec- 
tion loss and quantity of reflected light can be 

30 decreased in the connection of optical fiber and 
optical waveguide. More preferably, a material hav- 
ing a refractive index same as that of the optical 
fiber is used. In the invention, however, the refrac- 
tive index of the transparent submount is not al- 

35 ways limited in this range. 

Claims 

1. Components for optical circuits integrally for- 
40 ming a reference groove for fixing an optical 

waveguide and single or plural optical fibers on 
a substantially transparent submount. 

2. Components for optical circuits of claim 1, 
45 characterized by mounting optical fiber, optical 

waveguide, and electronic circuit on a substan- 
tially transparent submount. 

3. Components for optical circuits integrally tor- 
so ming a reference groove for fixing a submount 

part for forming an optical waveguide and sin- 
gular or plural optical fibers on a substantially 
transparent submount. 

55 4. Components for optical circuits of claim 3, 
characterized by mounting optical fiber, optical 
waveguide, and electronic circuit on a substan- 
tially transparent submount.O 
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Components for optical circuits of any one of 
claims 1, 2, 3, 4, wherein the substantially 
transparent submount is a glass submount or 
resin submount. 

5 

A manufacturing method of components for 
optical circuits characterized by obtaining 
forms for forming convex or concave pattern 
on a surface, and integrally forming a refer- 
ence groove for fixing an optical waveguide w 
and single or plural optical fibers on a substan- 
tially transparent submount by using the forms. 

A manufacturing method of components for 
optical circuits characterized by forming a sub- 75 
stantially transparent submount having an op- 
tical waveguide and a reference groove for 
fixing an optical fiber by injection molding. 

A manufacturing method of components for 
optical circuits of claim 6 or 7, wherein the 
optical fiber, optical waveguide and electronic 
circuit are mounted on the substantially trans- 
parent submount. 
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30 



A manufacturing method of components for 
optical circuits of claim 6 or 7, wherein a glass 
submount or resin submount is used as the 
substantially transparent submount. 

10. Components for optical circuits comprising op- 
tical waveguide grooves, submount forming fix- 
ing grooves for fixing optical fibers, members 
having the optical waveguide grooves adhered 
to optical waveguides, having the refractive 35 
index equal to or close to that of the sub- 
mount, and materials filling the recess of the 
optical waveguide grooves, having the refrac- 
tive index higher than that of the submount. 

11. A manufacturing method of components for 
optical circuits comprising the steps of forming 
an optical waveguide groove and a fixing 
groove for fixing single or piural optical fibers 
on a first submount, by a form for forming 45 
concave or convex pattern on the surface, glu- 
ing a second submount having the refractive 
index equal to or close to that of the first 
submount to the optical waveguide having the 
optical waveguide groove, and filling the re- 50 
cess of the optical waveguide groove with a 
material having a higher refractive index than 
that of the first submount. 



40 



12. A manufacturing method of components for 
optical circuits comprising the steps of forming 
an optical waveguide groove and a fixing 
groove for fixing single or plural optical fibers 
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on a first submount, by a form for forming 
concave or convex pattern on the surface, for- 
ming a material layer with the refractive index 
higher than that of the first submount on the 
first submount in order to fill up the optical 
waveguide groove, removing the portion other 
than the optical waveguide groove by polishing 
or etching the material layer, and gluing a 
second submount having the refractive index 
equal to or close to that of the first submount 
to the optical waveguide having the optical 
waveguide groove. 

13. A manufacturing method of components for 
optical circuits comprising the steps of forming 
an optical waveguide groove in a submount for 
optical waveguide by a first form, forming a 
fixing groove for fixing single or plural optical 
fibers by a second form, in a fixing submount 
having the refractive index equal to or close to 
that of the submount for optical waveguide, 
gluing the submount for optical waveguide and 
fixing submount, and filling the recess of the 
optical waveguide groove with a material hav- 
ing a higher refractive index than the submount 
for optical wavelength or fixing submount 

14. A manufacturing method of components for 
optical circuits comprising the steps of forming 
an optical waveguide groove in a submount for 
optical waveguide by a first form, forming a 
fixing groove for fixing single or plural optical 
fibers by a second form, in a fixing submount 
having the refractive index equal to or close to 
that of the submount for optical waveguide, 
forming a material layer higher in refractive 
index than the optical waveguide submount on 
the optical waveguide submount so that the 
optical waveguide groove may be filled up, 
removing the portion other than the optical 
waveguide groove by polishing or etching the 
material layer, and gluing thus fabricated op- 
tical waveguide submount and the fixing sub- 
mount. 

15. A manufacturing method of components for 
optical circuits of any one of claims 11 to 14, 
wherein after the two submounts are glued 
together, the portion having the end of the 
optical waveguide groove and the portion hav- 
ing the end of the fixing groove at a position 
confronting to the end are polished and cut off. 

16. A manufacturing method of components for 
optical circuits of any one of claims 11 to 15, 
wherein positioning markers for mounting elec- 
tronic components are formed in all or part of 
the submounts. 
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17. A manufacturing method of components for 
optical circuits of any one of claims 11 to 16, 
wherein positioning markers used when gluing 
one submount with other submount are formed 

in all or part of the submounts. 5 

18. A manufacturing method of components for 
optical circuits of claim 16 or 17, wherein the 
positioning markers provided convex or con- 
cave marking formed by forms. w 

19. A manufacturing method of components for 
optical circuits of any one of claims 11 to 18, 
wherein all or part of submounts may be either 
substantially transparent glass submount or a is 
substantially transparent resin submount. 



20 



25 



30 



35 



40 



45 



50 



55 



7 

Rwsnnnin- <fp oRdsa^pAi I > 



EP 0 649 039 A1 



bo 

♦H 




8 



EP 0 649 039 A1 




RN.einOnm: <EP 0B49039A1 I > 



9 



EP 0 649 039 A1 




10 



* »1 • ( 




EP 0 649 039 A1 




i & . 



EP 0 649 039 A1 



6 3 




(a) Glass forming for fiber 

fixing groove and optical 
waveguide forming groove. 




(b) Direct junction of glass 

submount by heat treatment 




(c) Forming of optical 

waveguide by filling core 
with material of high 

refractive index . 



6 5 




(d) Configuration and fixing 
of fibers. 
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(a) 



Glass forming of fiber 
fixing groove and optical 
waveguide forming groove. 
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(b) 
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Filling of optical 
waveguide groove. 



(c) Removal 



(d) Junction of glass 
substrate. 
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Configuration and 
fixing of fibers. 
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(a) Forming of fiber fixing 

groove submount and optical 
waveguide forming submount. 




(b) Direct junction of glass 

submount by heat treatment 




Forming of optical waveguide 
by filling core with 




(d) Configuration and fixi 
of fibers. 
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(a) Glass forming of 
fiber fixing groove 
and optical waveguide 
forming groove • 



1ZZZ^2Z^ZZZ^2Z^^^) Filling of optical 

waveguide groove. 
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( c ) Removal 
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(d) Junction of glass 
submount 




(e) Configuration and 
fixing of fibers. 
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